ABSTRACT
INTRODUCTION
Celiac disease (CD) is caused by an intolerance to gluten, storage proteins found in wheat. Typical symptoms are chronic diarrhea or constipation, malnutrition, anemia, fatigue, growth retardation, and migraine. These symptoms are the result of an inflammatory process that causes (sub) total villous atrophy in the small intestine, which decreases the normal uptake of nutrients from food. With an incidence of 0.5-1.0%, CD is the most common immune-mediated food intolerance condition in the Western world.
During digestion, the gluten proteins are enzymatically broken down in the gastrointestinal tract. However, because of the high proline content of gluten, the degradation is not efficient and relatively large gluten peptides persist (1, 2) . In CD patients, such peptides trigger a CD4 ѿ T cell-mediated inflammatory immune response (3) (4) (5) . These T cell stimulatory gluten peptides originate from the ␣-and ␥-gliadins and from the low-molecularweight (LMW) and high-molecular-weight (HMW) glutenins (6 -8) . Next to wheat, barley, rye, and oat are known to contain storage proteins that can trigger the immune system of CD patients (9) . The collection of all gluten and gluten-like proteins is referred to as the gluteome (10) . A strict lifelong gluten-free diet is currently the only available treatment for CD. According to the guidelines of the Codex Alimentarius gluten-free food should meet strict criteria (//ftp. fao.org/codex/alinorm07/al30_26e.pdf). To determine whether foods intended for the gluten-free market meet these requirements, sensitive assays for gluten detection are required. The detection of gluten in food is complicated because gluten is a large family of proteins that is divided into 2 biochemical distinct subfamilies, the glutenins and gliadins, that can both be further subdivided (11) . Because both intact gluten proteins and gluten hydrolysates are used in the food industry, gluten detection assays should be able to detect both intact gluten molecules and fragments thereof. Moreover, because the disease-related T cell stimulatory peptides of gluten have been identified, it would be a major advantage if such gluten detection assays would specifically detect these peptides rather than indicate a level of overall gluten content.
To develop a robust assay that would meet these requirements, we developed mAbs against T cell stimulatory peptides present in ␣-gliadin, ␥-gliadin, LMW glutenin, and HMW glutenin. Some of these antibodies have already been used to develop highly sensitive competition assays for the detection of proteins and peptides that harbor these sequences (12) (13) (14) . In the present study, an extensive characterization of the specificity of these mAbs was carried out to determine their usefulness for the detection of various gluten and gluten-like peptides present in cereals that are implicated in CD.
MATERIALS AND METHODS

Generation of monoclonal antibodies
For the generation of mAbs, Balb/c mice were immunized with synthetic peptides corresponding to known T cell stimulatory epitopes that were coupled to tetanus toxoid (Table 1) . Fusion, purification, and screening of the hybridomas were performed as described previously (12) (13) (14) .
Database searches
Searches were performed in the UniProt kB database for variants of the Glia-␣9, Glia-␣20, Glia-␥1, and LMW-and HMWglutenin gluten epitopes by using FASTA alignment as described previously (15) .The following sequences were used in the searches: QLQPFPQPQLPY/E for Glia-␣9, PFRPQQPYPQPQPQ for Glia-␣20, QQSFPQQQRPFIQPSL for Glia-␥1, and PPFSQQQQSPFS for LMW. Previously described results were used for the variants of the HMW epitope (7) . Variants of the Glia-␣2, Glia-␣9, Glia-␣20, and Glia-␥1 epitopes present in gluten-like proteins from barley, rye, and oat were identified previously (15) .
Synthetic peptides
Peptides were synthesized by standard Fmoc chemistry on a SyroII peptide synthesizer as described previously. The integrity of the peptides was checked by reversed-phase HPLC and mass spectrometry. When required, biotin was introduced in the resin-bound peptides by a 2-h coupling with a 6-fold equimolar preactivating mixture of biotin and benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate.
Peptide recognition assay
Enzyme-linked immunosorbent assay (ELISA) plates (Nunc Maxisorb immunoplate; Nunc, Copenhagen, Denmark) were coated overnight (100 L/well) at room temperature with the various antibodies at a concentration of 2 to 5 g/mL in phosphate-buffered saline (PBS; 154 mmol/L NaCl and 1.4 mmol/L Na 2 HPO 4 /NaH 2 PO 4 ; pH 7.4). The plates were washed with PBS/0.02% (wt:vol) Tween-20 and the residual binding sites on the plates were blocked by incubation for 30 min at room temperature with 150 L/well 2% skim milk in PBS (Fluka, Zwijndrecht, Netherlands). After a washing step, the plates were incubated for 1 h with the biotinylated peptides at a concentration of 0.5 to 2 g/mL in PBS/0.2% Tween-20/0.2% skim milk. After this step, the plates were washed and incubated for 30 min with an excess of streptavidin-HRP (Sigma Aldrich, Zwijndrecht, Netherlands). After a washing step, bound peroxidase was visualized by incubation with a solution of 3,3',5,5'-tetramethylbenzidine (TMB; Sigma Aldrich). The color reaction was stopped by the addition of 100 L/well of 2 mol H 2 SO 4 /L. Finally, absorbance was read on a multiscan plate reader (Wallac, Turku, Finland).
Direct binding assay
Direct binding assays were, in general, performed as was the peptide binding assay. In brief, ELISA plates (Nunc Maxisorb immunoplate) were coated overnight at room temperature with the various peptides in a concentration range between 10 and 1.25 g/mL in PBS (100 L/well). The plates were washed and the residual binding sites were blocked. After a washing step, the plates were incubated for 1 h with the various mAbs at a concentration of 1.5 g/mL in PBS/0.2% Tween-20/0.2% skim milk. After this step, the plates were washed and incubated for 30 min with an excess of rat-anti-mouse HRP conjugated polyclonal antibodies (Sigma Aldrich). After a washing step, the assay was stained and absorbance was read as described above.
Immune precipitation assay
For immune precipitation, a pepsin/trypsin digest of wheat flour was incubated with the various monoclonal antibodies covalently coupled to sepharose beads (2-3 mg/mL). After being gently mixed for 120 min at 4°C, the beads were washed sequentially with 120 mmol/L NaCl and 20 mmol/L Tris HCl (pH 8.0), 1 mol NaCl/L and 20 mmol/L Tris HCl (pH 8.0), 20 mmol/L Tris HCl (pH 8.0), and 10 mmol/L Tris HCl (pH 8.0). Bound peptides were eluted with 10 mL 10% (by vol) acetic acid and analyzed by mass spectrometry followed by database searches as described previously (10) .
T cell proliferation assays
Proliferation assays were performed in triplicate in 150 L RPMI-1640 (Gibco; Lonza, Verviers, Belgium) supplemented with 10% human serum in 96-well flat-bottom plates (Falcon; Corning Inc, New York, NY) by using 2 ҂ 10 4 gluten-specific T cells stimulated with 10 5 irradiated HLA-DQ2-matched allogenic peripheral blood mononuclear cell (3000 RAD) in the presence of 1 g peptides. All the peptides were deamidated by tissue transglutaminase (N-Zyme BioTec, Darmstadt, Germany) in the presence of calcium chloride overnight at 37°C. After 48 h at 37°C, the cultures were pulsed with 0. 
HMW-glt QGQQGYYPTSPQQ(P/S) 1 To generate mAbs, Balb/c mice were immunized with synthetic peptides containing the amino acid sequence of the T cell stimulatory epitopes coupled to tetanus toxoid. The minimal amino acid sequence recognized by gluten-specific T cells is underlined. Glia, gliadin; glt, glutenin; HMW, high molecular weight; LMW, low molecular weight.
Hercules, CA). For the Western blot analysis, the proteins were visualized with mAbs specific for stimulatory T cell epitopes from ␣-and ␥-gliadin and LMW and HMW glutenin (12) (13) (14) .
In-gel digestion of proteins
The desired gel bands, isolated from a Coomassie stained gel, were digested with chymotrypsin by using the Proteineer DP digestion robot (Bruker, Bremen, Germany). The protocol supplied by the manufacturer was followed. Digested proteins were analyzed by mass spectrometry as described previously (10) .
RESULTS
Generation of monoclonal antibodies specific for immune-stimulatory gluten sequences
For the development of reagents that detect immunestimulatory gluten peptides, mAbs were raised against synthetic peptides corresponding to T cell stimulatory sequences present in gliadin (Glia-␣9, Glia-␣20, and Glia-␥1), LMW glutenin (glt-156), and HMW glutenin ( Table 1 ). The minimal amino acid sequences recognized by the mAb specific for the Glia-␣9 and the Glia-␥1 epitopes were determined previously (13) . With the use of a set of partially overlapping synthetic peptides, the minimal amino acid sequences recognized by the mAb specific for the Glia-␣20 and LMW and HMW glutenin peptides were determined. Representative results are shown in Figure 1 , whereas an overview of all results is given in Table 2 . The results indicate that the sequence recognized by the mAb specific for the Glia-␣9, Glia-␣20, and HMW-glutenin peptides largely overlap with the T cell stimulatory sequences ( Table 2 ). In contrast, the mAb specific for the Glia-␥1 and LMW glutenin epitopes recognize sequences that (partially) overlap with either the C-or N-terminus of the T cell epitopes ( Table 2 ). Because many gluten proteins share a high degree of homology, we determined whether the mAbs reacted specifically with only the peptide used for immunization or whether they also detected the other T cell stimulatory sequences. The results (Figure 2 , A, B, D, and E) indicated that the mAb specific for the Glia-␣9, Glia-␥1, and LMW and HMW glutenin peptides are highly specific for the peptide used for immunization. In contrast, the Glia-␣20 -specific mAb also reacted with the Glia-␣9 and Glia-␥1 peptides ( Figure 2C ). Whereas the reactivity of this mAb with the Glia-␣9 peptide is likely based on the shared sequence PQXPY between the Glia-␣20 and Glia-␣9 peptides, the basis for the reactivity with the Glia-␥1 peptide is less clear. 1 The minimal amino acid sequence recognized by human T cells is underlined, and the mAb epitope is in boldface. Glia, gliadin; glt, glutenin; HMW, high molecular weight; LMW, low molecular weight. Anti-Glia-
Anti-HMW-glt mAb FIGURE 2. Limited cross-reactivity of the various monoclonal antibodies (mAbs) for the T cell stimulatory epitopes. Cross-reactivity of the mAbs was determined in a direct binding experiment. BSA-coupled peptides encoding the T cell stimulatory epitopes were coated on an enzyme-linked immunosorbent assay plate, and the binding of the following mAbs to the indicated T cell epitopes was determined: anti-Glia-␣9 (A), anti-Glia-␥1 (B), anti-Glia-␣20 (C), anti-LMW-glt (D), and anti-HMW-glt mAb (E). Glia, gliadin; glt, glutenin; HMW, high molecular weight; OD, optical density.
Monoclonal antibodies and gluten-specific T cells recognize an overlapping set of natural gluten-derived homologues of the T cell stimulatory epitopes
In previous studies it was shown that human gluten-specific T cells can react to several homologous gluten peptides if they share a certain degree of sequence similarity (16) . To compare the specificity of the human T cells with that of the glutenspecific mAb, natural variants of the Glia-␣9, Glia-␣20, Glia-␥1, and LMW and HMW glutenin epitopes were identified by database searches. Subsequently, the corresponding peptides were synthesized, and the reactivity of T cells and mAbs to these peptides was determined.
Eleven variants of the Glia-␣9 T cell epitope (QLQPF-PQPQLPYPQP, the minimal 9 amino acid T cell epitope is underlined) that contain single or multiple substitutions were identified (17) . In general, substitutions in the region flanking the minimal epitope affected T cell and mAb recognition in the same way ( Figure 3A) . Substitutions within the 9 amino acid core sequence at positions 3, 4, and 5 significantly reduced or even abolished both T cell and mAb recognition, whereas a substitution at position 8 affected T cell recognition only. The latter was due to the fact that position 8 is outside the antibody epitope ( Table 2) .
In total, 4 of the 12 peptides tested were detected by both T cells and mAbs, 3 by T cells only, 2 by mAbs only, and the remaining 3 by neither ( Figure 3, A and B) . Thus, the specificity of the T cells and the antibody partially overlap.
A similar analysis was performed for the other antibodies, a graphical representation of the results obtained is shown in Figure 3B . Of 21 variants of the Glia-␣20 T cell epitope, 6 were recognized by T cells and mAb, 10 by T cells only, and 1 by mAb only ( Figure 3B ). Also, for the 8 variants of the LMW glutenin epitope and the 33 homologues of the HMW glutenin epitope, it was observed that a subset was detected by both T cells and mAbs ( Figure 3B ). In contrast, of the 6 variants of the Glia-␥1 epitope, only 1 was recognized by the T cells, whereas 2 others were recognized by mAbs only. Thus, with the exception of the Glia-␥1 mAb, all other mAbs reacted with multiple variants of the T cell epitopes.
Gluten-specific monoclonal antibodies recognize their epitopes in pepsin/trypsin digests of wheat flour
Next, we determined the reactivity of the mAb against a pepsin/trypsin digest of wheat flour. For this purpose the mAbs were covalently coupled to sepharose beads and incubated with a pepsin/trypsin digest of gluten. Subsequently, unbound material was removed by extensive washing, and the bound material was eluted with acid and analyzed by mass spectrometry. This approach was successful with the Glia-␣9, Glia-␣20, and LMW and HMW glutenin mAbs. In all cases the mass spectrometric analysis identified peptides that contained the minimal amino acid sequence for which these mAbs are specific. The 5 most abundant peptides identified for each mAb are shown in Table 3 . These mAbs thus react with gluten peptides that are naturally formed during digestion in the gastrointestinal tract resulting from the activity of pepsin and trypsin.
Gluten-specific antibodies show the presence of T cell stimulatory epitopes in various gluten proteins
To study the suitability of the mAbs for the detection of gluten proteins, the mAbs were extracted with isopropanol and dithiothreitol from a wheat variety and separated on SDS-PAGE. The variants were synthesized and tested for recognition by gluten-specific T cell clones in T cell proliferation assays, and by mAbs in a peptide recognition assay. A: Recognition of natural variants of the Glia-␣9 T cell epitope (differences with the original epitope are underlined) by T cells and mAbs. B: Overview of the results obtained with the variants of the Glia-␣9, Glia-␣20, Glia-␥1, LMW-glt and HMW-glt epitopes. The recognition of the LMW-glt epitope was determined by using the anti-LMW-1 mAb. The Arabic numerals indicate the number of gluten variants belonging to the category. Glia, gliadin; glt, glutenin; HMW, high molecular weight; LMW, low molecular weight; OD, optical density.
Subsequently, the proteins were either stained directly with Coomassie blue or, after transfer to a membrane, by the glutenspecific mAb in a Western blot analysis (Figure 4) . To identify the proteins stained by the various mAbs in the Western blot analysis, gel slices were excised from the Coomassie bluestained gel at positions corresponding to the mAb-stained bands. Subsequently, the proteins in these gel slices were isolated, digested with chymotrypsin, and analyzed by mass spectrometry. All chymotrypsin fragments isolated from the gel slice corresponding to the proteins stained by the HMW-specific mAb ( Figure 4 ; lane 2, proteins 1 and 2) were found to be derived from HMW glutenin proteins. These fragments contained multiple copies of the minimal amino acid sequences recognized by both the mAb and T cells specific for HMW glutenin (data not shown). Similarly, both of the proteins recognized by the anti-LMW-1 mAb (Figure 4 ; lane 3, proteins 3 and 4) were identified as LMW glutenin proteins and contained the minimal amino acid sequences recognized by the mAb and the T cell (data not shown). The gel slices corresponding to the regions stained by the Glia-␣9-, Glia-␣20-, and Glia-␥1-specific mAb (Figure 4 ; lanes 4, 5, and 6; proteins 5-8) were found to contain ␣/␤-gliadin proteins that contained both the Glia-␣9 and Glia-␣20 T cell and mAb epitopes (Figure 4 ; lanes 4, 5, and 6; proteins 5, 6, 7, and 8). In addition, a ␥-gliadin protein (Figure 4 ; lanes 4, 5, and 6; protein 8) and an LMW glutenin protein that contained the LMW-1 mAb epitope (1) (Figure 4 ; lane 4, 5, and 6; proteins 5, 6, 7, and 8) were identified. Thus, the mAbs are useful for the detection of gluten proteins that harbor harmful peptides involved in CD.
Gluten-specific antibodies show the presence of gluten homologs in barley, rye triticale, and oat
Previously, we noted that barley, rye, and oat contain sequences that are highly similar to the T cell stimulatory sequences in gluten (Table 4 ) and that some of these sequences are recognized by gluten-specific T cells (15) . We determined that gluten-specific mAbs likewise react with the homologous peptides from barley, rye, and oat. The Glia-␣9 and Glia-␣20 mAbs were found to primarily react with secalin-and hordein-derived peptides but not with those from avenins ( Figure 5, A and B) . In contrast, the Glia-␥1 mAb strongly reacted with avenin peptides and not, or hardly, with the hordein and secalin peptides ( Figure  5C ).
To demonstrate that the mAbs were capable of detecting hordeins, secalins, and avenins, protein extracts of 5 cereals (wheat, barley, oat, rye, and triticale) were prepared and separated by SDS-PAGE. Subsequently, the proteins were stained with the 
l a n e 1 l a n e 2 l a n e 3 l a n e 4 l a n e 5 l a n e 6 FIGURE 4. Detection of gluten proteins by Western blot analysis. Gluten proteins were extracted from flour of a wheat variety and separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis. The proteins were either stained directly (lane 1) or after being blotted to a polyvinylidene difluoride membrane and visualized with the monoclonal antibody (mAb) specific for HMW-glt (lane 2), LMW-glt 1 (lane 3), Glia-␥1 (lane 4), Glia-␣9 (lane 5), and Glia-␣20 (lane 6). Proteins recognized by the antibodies (numbered and indicated by arrows) were excised from the directly stained gel and digested with chymotrypsin. After extraction, the identification of the isolated proteins was determined by a combination of tandem mass spectrometry/mass spectrometry and bioinformatics. Glia, gliadin; glt, glutenin; HMW, high molecular weight; LMW, low molecular weight; M, mass marker. mAb in a Western blot analysis (Figure 6, Table 5) . A commercial gluten preparation was used as a positive control. As expected, the staining pattern of the gluten preparation and the wheat protein extract were very similar. In contrast, distinct staining patterns were observed for oat, rye, and barley, whereas the staining pattern of triticale-a hybrid containing both the wheat and the rye genome-closely matches the sum of the staining patterns of wheat and rye. The results ( Figure 6 , Table 5 ) indicate that the Glia-␣9 mAb reacts with all cereals except oat. The HMW mAb only reacts with wheat and rye, and the LMW mAb reacts only with wheat. The reactivity of the HMW mAb with rye is presumably based on the presence of proteins in rye that have a high degree of homology with both the x-and y type of HMW glutenins of wheat (18) . The staining patterns obtained with the Glia-␣20 and Glia-␥1 mAbs are more complex, the latter having a high affinity for the oat proteins. The results also indicate that the mAb-staining patterns obtained are distinct for each cereal, which may be useful for the identification of the type of (contaminating) cereals present in (gluten-free) food products.
Gluten-specific antibodies do not react with milk proteins
Because the gluten-specific antibodies are used in assays in which milk is used as a blocking agent, we used a Western blot analysis to test whether the antibodies cross-react with proteins in milk as an additional control for the assay. Milk was diluted in water, and the proteins were precipitated with acetone. Subsequently, the proteins were separated on SDS-PAGE, transferred to blots, and stained with the antibodies against Glia-␣9, Glia-␣20, Glia-␥1, and LMW and HMW glutenin gluten epitopes. None of the antibodies reacted with proteins in milk, whereas gluten proteins were clearly detected (Figure 7) .
Comparison of Ridascreen Gliadin kit and the homemade ELISA for the Glia-␣9 epitope
A commercial test kit based on the R5 mAb specific for the sequence QQPFP (Ridascreen Gliadin kit; R-Biopharm AG, Darmstadt, Germany) is now available. Because this sequence partially overlaps with that recognized by the mAb specific for the ␣-9 T cell epitope (QPFPQPQ), we compared the reactivity of the ␣-9 -specific mAb with that of the R5 antibody. For this purpose we tested a number of samples with both our mAb against the ␣-9 peptide and with the commercially available R5-based test kit ( Table 6 ). The gluten-free samples tested were negative in both assays (data not shown). Gluten-containing samples could easily be detected by both assays, although the actual values obtained varied. In general, the values obtained Anti-Glia-20 mAb FIGURE 5. Recognition of hordein (Hor), secalin (Sec), and avenin (Av) peptides by the following gliadin (Glia)-specific monoclonal antibodies (mAbs): anti-Glia-␣9 mAb (A), anti-Glia-␣20 mAb (B), and anti-Glia-␥1 mAb (C). Gluten peptides and homologous peptide sequences in Hor, Sec, and Av identified by database screening (15) were tested for recognition in a direct binding assay by the gluten-specific mAbs. OD, optical density. with the competition assay were higher than those obtained with the R5 kit. This may have be due to the standards used in the 2 assays, a complex gliadin preparation in the case of the R5 based assay and synthetic peptides for the competition assay. An indepth comparison of these 2 assays is planned.
DISCUSSION
It is well established that CD is caused by an intolerance to gluten. With few exceptions, CD only develops in persons who are positive for either HLA-DQ2 or HLA-DQ8. The extraordinary strong association between these HLA-DQ molecules and the development of CD points to a crucial role for these HLA-DQ molecules in disease development. Recent work has shown the basis for this association: HLA-DQ2 and HLA-DQ8 can bind gluten-derived peptides and present these to inflammatory T cells that are present in the small intestine of CD patients, which leads to disease (19 -21) . Consequently, the gluten-derived peptides that can bind to HLA-DQ2 or HLA-DQ8 and stimulate T cells are the true culprits and should not be present in food intended for consumption by CD patients.
Importantly, such T cell stimulatory gluten peptides have now been identified in ␣-and ␥-gliadin and LMW and HMW glutenin. Both gliadins and glutenins are multiprotein families with a high degree of sequence homology between different members. Therefore, variants of the identified T cell stimulatory peptides are known that can also elicit T cell responses (7). Moreover, peptides with similar T cell stimulatory properties have been identified in barley, rye, and oat as well (15) . To guarantee the safety of food products intended for the gluten-free market, it would therefore be highly desirable to use tools that detect as many of the potentially harmful gluten and gluten-like fragments as possible.
With this in mind, mAbs were raised against non-deamidated forms of known T cell stimulatory peptides present in gluten. This will allow detection of native gluten peptides that on deamidation by tissue transglutaminase in the small intestine can trigger an immune response. We aimed at detecting both the ␣-and ␥-gliadins and HMW and LMW glutenins. With these antibodies we can thus monitor the presence of 4 different classes of gluten proteins, which is a large improvement compared with the existing assays based on the R5 mAb that only recognizes gliadin proteins.
In the present study we provide a detailed analysis of the reactivity of these antibodies against gluten proteins, gluten peptides, and gluten-like proteins present in barley, rye, and oat. The minimal amino acid sequences detected by these mAb were determined and found to partly overlap with T cell stimulatory gluten sequences. Moreover, like gluten-specific T cells (13) , the mAbs were found to react not only with the peptide against which they were raised but also with homologous gluten proteins and peptides present in wheat, barley, rye, and oat. In addition, the proteins recognized by the mAb did contain epitopes involved in CD. By Western blot analysis, these antibodies were found to give characteristic staining patterns depending of the cereal being analyzed, a property that may be useful for the identification of the type of cereal present in and/or contaminating particular food products.
In addition to its reactivity with gluten and gluten-like proteins and peptides, the mAb against the Glia-␥1 epitope also reacted strongly with oat-a finding that may be explained by the homology between the N-terminal sequence of the Glia-␥1 T cell epitope (ie, QQRPFI) and an amino acid sequence that is frequently present in the ␣-and ␥-avenins (ie, QQQPFV). Similarly, oat protein can be recognized by Glia-␥1-specific T cells (13) , although it should be indicated that the specificity of the mAbs and T cells overlap only minimally (Table 2) .
In separate studies it was tested whether the antibodies react with proteins from teff, rice, and maize, cereals that are nontoxic for CD patients. In all instances we observed reactivity with wheat, rye, and/or barley only (22) .
The Codex Alimentarius defines gluten-free foods as wheat starch-containing food products with a gluten content 200 ppm and naturally gluten-free food products with a gluten content 20 ppm. In a new draft for the standards used for gluten-free food products, the level of 100 ppm for food rendered gluten-free is recommended (//ftp.fao.org/codex/alinorm07/ al30_26e.pdf). The best known commercially available assays for the detection of gluten are sandwich ELISAs based on the R5 antibody, which is specific for a common sequence present in ␣-, -␤, and -␥ gliadins (23) and on an antibody directed against a sequence in -gliadin (24) . However, because these sequences do not match T cell stimulatory gluten peptides, these assays do not measure the presence of harmful fragments for CD patients. Moreover, these assays fail to detect the HMW and LMW glutenins, whereas there is mounting evidence that these proteins are harmful for CD patients as well (7, 8, 17, 25) . With the availability of antibodies specific for ␣-and ␥-gliadins as well as for LMW and HMW glutenins, assays can now be developed that overcome these problems. Moreover, because these antibodies do not only react with gluten proteins but with peptides as well, they are suitable for use in competition assays in which not only intact gluten proteins can be measured but also gluten peptides of sizes recognized by T cells. This is of particular interest because gluten hydrolysates are often used in the food industry and cannot be measured in sandwich ELISAs.
In conclusion, the antibodies described in this study allow a comprehensive screen for the presence of harmful gluten and gluten-like peptides and proteins in foods intended for consumption by CD patients with a level of detail that is as yet unprecedented. This will likely contribute to food safety and thereby improve the quality of life of CD patients.
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TABLE 6
Comparison of the Ridascreen Gliadin kit with the Glia-␣9 specific assay 1 
Sample
Ridascreen gliadin Glia-␣9 specific assay 1 Gluten-containing samples were tested with both the Ridascreen gliadin kit (R-Biopharm AG, Darmstadt, Germany), based on the R5 antibody, and the assay specific for the Glia-␣9 epitope developed in our laboratory. Glia, gliadin.
2 LePoole, Twello, Netherlands. 3 De Wijn, Kaag ald Zaen, Netherlands. 4 Nestle, Amsterdam, Netherlands.
